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© Assay for nucleic acid sequences In a sample. 

@ A mettiod (or detecting (i) one or more microotganisms or ;ii', nucleic acid seauences from a proKaryotic 
source or an eukaryotic source in a nucleic aod-containing test sample comprising 
(A) labelif>g the nucleic acids in tfie test sample. 

(bl contacting, under hybridization conditions, the labeled hybridizatjie nucleic acid and one or more 
immobilized hybridizable nucleic acid pfot>es comprising (i) one or more known microorganisms or (ii) 
sequences Irom eultaroytic or proltaryotic sources, to form hybridized labeled nucleic acids, and 

(d) assaying lor the hybridized nucleic acids by detecting the label. The mettwd can be used to 
^ detect genetic disorders, e.g.. sickle-cell anemia. 
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t and sensitive method of detection of nucleic acids, such as ONA. after hybndication 
abelled DNA. The use of auioradiography and enzymes orcionqs tne assay time and 

•-^chnicians _ _ 

■3c!ioactive method of labelling DNA was desc ibed by Ward et al. E--rooean Patent 
/'ard et ai use the method cf mck translation to introduce biotmyiated U (uracil) 
-ciacing T (thymine). The b.otin residue is then assayed with antibiotm antibody or an 
em. The detection in this case .s quicker than autoradiography, but the nicK translation 
-ly skilled personnel. Moreover, biotmyiation usmg biotinyiated UTP {undme 
• 7 for thym.ne-conta.ning polynucleotides. The use of other nuc!eo«-Je triphosphates 
« the chemical derivatization of A (adenine) or G (g-aninei cr r .cytos.ne) (containing 
-7S the skills of trained organic chemists. 
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1 by Wetmur ( Biooolymers . V*. 2517-2524. (1974m that anionic pciymers sucn as 
- e the rate of DNA-DNA hybridisation in solution. It has also been shown that the 
■.ybridization rate can aiso be increased by dextran sulfate. U.S. Patent 4.:102.204 
• -harge^ polysaccharides on the rate of nucleic acid hybridization. 
r Analytical Biochemistry . 152 . 304-307 (1986)) has snown that a neuirat ooiymer like 
■ an increase the rate o) DNA-RNA hybridization more than dextran sulfate uncer 
Mihough polyethylene glycol (PEG) has been used before m the hybnd.zation medium 
Mucleic Acids Res- 12. 3*35-3444 (1984)). no advantage was predicted over the use 
rc.iicants have observed, to their surprise, that in the presence of lO-. polyethylene 
v.\ be virtually finished m 15 minutes. Although Amasino supra has shown PEG is 
■ate as an accelerator, his labeled probe was single stranded RNA. In the case of the 
;abeled material is whole genomic sample DNA where both complementary strands 
When a potymer accelerates the rate of hvbhdization .t should also heio the 
-. and hence should reduce the efficiency of hybridization, instead of increasing it. 



D. Cell Lysis 

T^e present inv-r-:on also provioes a method for the efficient lysis of whole cells such that their ONA .s 
as released and made =vailaiil© tor photochemical labeling. While eukaryotic cells derived from muit.ceiiutar 
animals are easily ivsad under relatively mild conditions, single cell eukaryotes aoo orokan^otes. especially 
Gram positive orokaryotes. are more difficult to lyse due to the complicated chemn^ai nature and extent of 
cross-linking of the.r cell walls. (Methods do exist lor erticiently lysing these refractory organisms, either by 
chemical-enzymatic or physical means, but these methods are often complicated, t.me-consummg and 
^ inapprofjriate for preserving the integrity of DNA. 



SUMMARY OF THE INVENTION 

It is accordinqlv an object of the present invention to orov.de a racid ana convenient method for 
detection of one or more microorganisms or nucleic acta sequences from a proKaryotic so-jrce or an 
eukaryotic sc^irce in a nucleic acid-containing test sample. 

It is another obiect of the invention to provide a method tor a simultaneous assay for the presence of 
more than one nucleic acid sequence. 

Another Object of the invention involves direct tabeling of the nucleic acid in the test sample. 

A still further obiect of the invention is to use whole chromosomal nucleic aoo as the probe andor as 
the test sample. 

_ Also the invention relates to the use of oligonucleotides as immobilized probes. 

The invention further relates to the use of cloning vectors and their derivatives for use as immobilized 
probes. 

The invention also concerns the use of polyethylene glycol as a hybndization accelerator. 
Still further the invention is directed to preparing a cell lysate by contacting a cell with alkali. 
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These and other obier.is ar>o acv;intages are reauiec! in accofCarce ■*■«? creser- ^ 
method o< detecting (i) one oi mce microcganisms or n:; nudeic acre secL-e'-.-'S ^ ; -:«a'v-!ic 

source or an eukaryotic source m a rvucieic aciO-:oniair.irg test ^amc'e 

The method involves the loiiowmg' 
s (a) labeling the nucieic acias. e.g.. the nuc'eic acics cf ;)ie crganums or is cr ■ " -e 

test sampte. 

fb) contacting, under hybndiiaticn conoit'ons. the labeled hybnaizacie samcie rx^c--'--. - ard rne 
or more immobilized hyorirtizabie (eg. smgle-stranoeo) nuc'e.c acid 'eg. CNAi crcces rr-rr.smg o( lO 
one or more known microorganisms or (n) nucleic aCiO seouences trom eukaryotic or crca- . nc SCurces. 
JO to form hybridi2ed labeled nucleic acids and 

(c) assavinq for the hybridized nucleic acids by detecting the labei 
The hybridizabie nucleic acid can be whcie genomic nucleic actd cr a fragment theieof. e g.. an 
oligonucleotide. 

In step (a». the nucietc acids can be labeled oirectiv in the test sample. In steo lai. m such direct 
•5 labeling, ceils o< the test sample can be lysed and men a 'abeiing reagent can ce aoaed. ■Arh':..<?bv to label 
the nucleic acid. 

The method further comprises denaturing the labeled r.ucieic acios from step (al to form labeled 
den8tu'«»< nuc p'o ends. 

According to the invention a labeled nucleic acid test sample is contacted simultaneously wnn several 
20 different types of nucleic a^iJ. e g.. ONA. prooes lor nypndization. The nucleic acid tes- samoie !S labeled 
and hybridized with several unlabeled immobilized orobes. The positions of the probes are fixed, and the 
labeled probe detected after hybridization will indicate that ihe test sample carries a nucleic ac^d sequence 
complementary to the corresponding orobe. 

Nucleic acid probes tor several microbiological systems or for different alleles of one or more genes 
« can be immobilized separately on a 50iid suppon. for eifampie. nitrocellulose paper. T^e test sampte 
nucleic acids are labeled and remain m scluiion. The solid material containing the immobilized protje is 
brought in contact with the labeled test nucleic acid solution under hybridization conditions. The solid 
material is washed free of unhybndized nucleic acid and the label is assayed- The presence of Ihe label 
with one Of more of the probes indicates that the test sample contains nucleic acids substantially 
30 complementary to those probes and hence originate, for examoie. from an infection by pariicuia' micro- 
biological systems. 

Labeling can be accomplished m a whole living cell or a lysate, and can be ncn-isotooic. The 
nucleic acid can be used for hybridization without further punficat'.cn. 

The present invention also concerns specific lysis conditions to release nucleic acids from both gram 
J5 positive and gram negative bactena. 

The present invention aiso rp;.-,tes io a hybridization medium which accelerates the process of 
hybridtzatioo. A hybridization accelerator according to the present invention is ooiyeihviene glycol 

The present invention further rc.ncerns a <it for detecting (0 one or more microorganisms or (nl nucleic 
acid sequarKes from a prokarvotic •source or an euKaryotic source in a nucleic acid-containmg test sample 
40 comprisirtg 

(a) a support solid containing hybndizabie. e g., smgie-strandod. nucleic acid. e.g.. DNA or an 
oligonucleotide, of (i) said one O' more known microorganisms or (ii) said seauences from eukaryotic or 
prokaryotic sources immobilized thereon, e g., a strip containing dots Of Spots of known microorganisms or 
eukaryotes or prokaryotes. 
44 (b) a reagent for labeling the nucleic acid of the test sample. 

(c) a reagent for releasing ano denaturing nucleic acid. e.g.. DNA. in the test sample, and 

(d) hybridization reagents. 

For chemiiummescence detection of the hybndized nucleic acid, the kit would further comprise a 
r- agent for chemiluminescent detection 
50 In the above described kit. the reagent for lat)eling is given hereinbelow in a discussion on labels. 

Reagents for releasing and denaturing ONA inc'ude sodium hydroxide and lysmg agents such as 
detergents and lysozymes. 

Typical hybridization reagents includes a mixture of sodium chloride, sodium citrate. SDS (sodium 
dodecyl sulfate), bovine serum albumin, nonfat miik or dextran sulfate and optionally lormamide. 
55 The present invention further concerns a method of hybridization compnsing contacting two com- 

plementary single stranded nucleic acids under hybridization conditions, at least one of which is immo- 
bilized wherein polyethylene glycol is added. 
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BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 IS an autoraaiograoh ot resuns o< .mmobiliiat.on of an ci.gonuc;ectide seauence :Dec:lic for 
hemogloOin mutation 

s Fig. 2 IS a photograoh of results ot nybnoizafon w,tti labeled gemortiic DNA for non radioactive 

detection. 

DETAILED DESCRIPTION Of THE iNVgNTIpN 

The test samoie m the oresent invention includes booy fluids, e g . unne. Oiood. semen, cerebrosomal 
fluid, pus. amniotic ftu.d. tears, or semisolid ct fluid discharge, e.g.. soutum. saliva, lung aspirate, vaginal or 
uretha) discharge, stool or solid tissue samofes. such as a Ciopsy or chorionic viihsoecimens. Test samolas 
also include samples collected with swabs from the skin, genitalia, or throat. 

fS All these test samples can be used tor hybridization diagnosis after labeling the nucieic acids of the 

sample. The labeling can be accomplished without any pr-^cessing of the samcie. As for examoie. a unne 
sample (suspected of bacterial infections) can be labe'ed without cemnfugation. filtration or dialysis. The 
cells in the samples can be lysed without any separation step. It is surpribmg that a nucleic aciJ labeling 
reaction takes place in such a . ompiex mixture as a clinical sample. 

20 Tlie nucleic acid .s preferably labeled by means of chotochemistry. emdoymg a photoreactive DNA- 

binding furocoumarin or a phenanthridine compound to link the nucleic acid to a label wh,cn can b« 'read" 
or assayed m conventional manner, including fluorescence -!gtection. The end product is thus a labeled 
nucleic acid comprising (a) a nucleic acid component, (b) an imercalator or other DNA-bmding ligand 
photochemically linked to the nucleic acid component, and (c) a label chemically linked to (b). 

?s The photochemical method provides more favorable reaction conditions than the usual cnemical 
coupling method for biochemically sensitive substances. T>!e intercaiator and label can first be coupled and 
ttien photoreacted with the nucleic acid, or the nucleic acid can first be phctoreacted with the .ntercaiator 
and then coupled to the label. 

A general scheme for coupling a nucleic acid, exemplified by double- stranded DNA. to apply a :aDel. is 

30 as follows: 



+ 

Photoreactive 
Intercaiator 

Labeled 

Photoreactive 

Intercaiator 



+ DNA 



Double-Stranded DNA + Photoreactive 

Intercaiator 



Chemically - Functionalized DNA 
1^ + Label 
4 Labeled DNA 



Where the hybridizable portion of the nucleic acid .s in a ooubie stranaed form, such portion is then 
denatured to yield a hybndizable single stranded portion. Alternatively, where the labeled DNA comprises 
the hybridizable portion already in single stranded form, such denaturation can be, avoided if desired. 
Altemativety. double stranded DNA can be labeled by the approach of the present invention after 
hylwidization has occurred using a hybridization format which generates double stranded DNA only m the 
presence of the sequence to be detected. 

To produce specific and efficient photochemical products, it is desirable ihat the nucleic acid compo- 
nent and the photoreactive intercaiator compound be allowed to react m the dark in a specific manner 
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Por couDiing to DNA. armnomethyi psoralen, ammomethvl angeiicin and ammo alkyl emidium or 
methidiurn a^fCes are particularly use<ui comoounfls They fcmd to Coub'e-siranded DNA and only the 
complex yields photoadcuct. m the case where (atjeied oouOie-stranaed DNA must oe oenatured m orcer to 
yield a hybndizabie single strandec region, conaiiions are emoioyeo so that simultaneous interaction of two 
strands of DNA <vith a single pnotoadduct is prevented, it is necessary that the freauency of modification 
along a hybndizabie single strandea portion of the nucieic acid not be so great as to substantially prevent 
hybridization, and accordingly there preferably *iii be not more than one site of modification per 25. more 
usually 50. and preferably lOO. nucleotide bases. Angencm derivatives are superior to psoralen compounds 
for monoadduci formation if a smgle-straoded DNA nucleic acid is covalontly attached to seme extra 
double-stranded DNA. use of phenanthridium and psoralen compounds ts desirable ^.nce these compounds 
interact specifically to double-stranded DNA in the dark The chemistry lor Ihe synthesis of the coupled 
reagents to modify nucleic acids fcr labeling, described more fully hereinbeiow. is similar for ail cases. 

The nucleic acid component can be single or double stranded DNA or RNA or fragments thereof such 
as are produced by restriction enzymes or even relatively sfion oligomers. 

The DNA-binding ligands of the present invention used to link the nucleic acid component to the label 
can be any suitable photoreactive lorm of known ONA-bmding ligands Particularly preferred DNA-binding 
ligands are intercalator compounds sucfi as the furocoumanns. eg., angehcm (isopscraten) or psoralen or 
derivatl.tjs the'-?of which photochemicaiiy wiii react *itr- nucleic acids. ' j.. 4'-aminomethyi-4. 5 -dimethyl 
angeiicin. 4-aminomethyl-trioxsalen (4aminomethyl-4.5'.8-trimethYi-osoralen>. 3-carboxv-5-or -8-amino-or- 
hydroxy-psoraien. as *ell as mono-or bis-azido aminoaikyi methidium or ethidium compc jnds. 

Particularlv useful photoreactive forms of intercalating agents are the azraointercalators. Their reactive 
nitrenes are readily generated at long wavelength ultraviolet or visible light and the mtienes ot aryiandes 
prefer insertion reactions over their rearrangement producti (see White et al. Metfiods in Enzymoi. . 46. 644 
(1977)). Representative intercalating agents include azidoacridme. ethidium monoazide. elhidium diazide. 
ettiidium dimer azide (Mitchell el al. JACS . 104 . 4265 (1982». 4-azido-7-chloroouinoiine. and 2- 
azidofluorene. A specific nucteic acid binding azido compound has been described by Forster et al. Nucleic 
Acid Res.. T3. (1985). 745. The structure of such compound is as follows: 




HN 




NH- ICII- ) ,-N- (CM.) ,-NH-C- (CI!,) .-I. 



NH 



CM. 



Other useful photoreactable mtercalators are the furocoumanns which form (2*2* cycloadducts with 
pyrimidine residues. Alkylating agents can also be used such as bis-chloroethylaminas and epoxides or 
azirtdines. e.g.. anatoxins. polycycl'C hydrocartxin epoxides, mitomycin and norohillin A. 

Nonlimiting examples of intercalator compounds for use m the present invention include acndine dyes, 
phenanthhdines. phenazines. furocoumanns. phenothiazines and qumoimes. 

The label which is linked to the nucleic acid component according to the present invention can be any 
chemical group oi residue having a detectable physical or chemical property, i e.. labeling can be 
conducted by chemical reaction or physical adsorption. The label win bear a functional chemical group to 
enable it to C>e chemically linked to the intercalator compound Such labeling materials have been well 
developed in the field of immunoassays and m general most any label useful m such methods can be 
applied to the present invention Particularly useful are enzymaticaily active groups, such as enzymes (see 
Clin. Chem. . (1976) , 22. 1243). enzyme substrates (see British Pat. Spec. 1.546 741). coenzymes (see O S. 
Patent Nos 4.230.797 and 4.238.565) and enzyme inhibitors (see US Patent No 4 134.792; fluoiescers 
(see Clin. Chem. . (1979) . 25. 353) . and chromophores including phycobiliorotems; luminescers Such as 
chemiluminescers and biolummescers (see Clin. Chem. . (1979) 25. 512. and ibid, 1531): specifically 
bindable ligands. i.e.. protein binding ligarHJs: and residues comprising <adioisolopes such as H -'S. '-'P. 
'^1. and 'C. Such labels are detected on the basis of their own physical properties (e.g.. fiuorescers. 
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chromophoros a'-i racJioisotooest or their reactive or tjmcling properties (e.g.. enz^/mes. suosfates. 
coenzymes arid ihibitors). For example, a cofactor-iabeied nucieic acid can be deiectea by adamg the 
enzyme 'or whrcn :r.e label is a co'actor and a substrate (or the enzyme. A hapten or ligand (e.g.. biotin) 
labeled nucleic i-.-i can be delected by adding an antibody or an antibody pigment to t^e hapten or a 
protein (e.g., avicmi which binds the ligand. taggeo with a detectable molecule. An antigen can also be 
used as a label. Such detectable molecule can be some molecule with a measurable physical prooeny 
(e.g.. fluorescence or absort>ance) or a participant m an enzyme reaction (e.g.. see above list). For example, 
one can use an enzyme which acts upon a substrate to generate a product with measurable physical 
property. Examples oJ the latter include, but are not limited to. beta-galactosidase. alk?!::ie phosphatase, 
papain and peroxidase. For in situ hybridization studies, ideally the final product 'C ^ater insoluble. Other 
labels, e.g., dyes. wHi be evident to one having ordinary skill m the art. 

The label will be linked to the intercalator compound, e.g.. acridine dyes, phenanthndines. phenazines. 
furocoumarins. phenothiazines and quinolines. by direct chemical linkage such as involving covalent Isonds. 
or by indirect linkage such as by the incorporation of the latsel m a microcapsule or lioosome which in turn 
is linked to the intercalator compound. Methods by which the label is linked to the intercalator compounds 
are essentially known in the art and any convenient methoa can be used to perform the present invention. 

Advantageously, the intercalator compound is first ccmbmed with label chemically and thereafter 
combinec with the nucleic acid component. For example, since biotin carnas a carljoxyl group. .1 can be 
combined with a turocoumann : y way of amide or ester formation without interfering with th'- photochemical 
reactivity of the (urocoumann or the biological activity of the biotm. e.g.. 
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Other am,rcrr..e.r,v.ar.geMC.r cscra,e'> arc cr.eranthr.c,um a^nvawes rre s.a-.,.3^,y .eac.eo. as can 

Chenanthnc.ur^ -a.oes ar.O Cer.vaiives Te.eof Sucr as arT^,rccrCCy^ nrethiC.: • -.r-.ofce. . . 



CH 



CI 



0 . C - NH - CH^ - CH, - CH^ 



- N '■ 



(see Hertzberg at ai. J. Amef. Chem. Sec.. lOf. 3i3 (19821). 

Al,ema„veiy. a b-.^onlHIaqen, sucn as a,.h,ob,s succn.m.Ov* crocona.e or i ^"^^ aneo,o. 
diglyodyi ether can be used d.recl.v to couoie the ohotoc.,«m.ca.iy reactive o-o.ecu.e w.it, the '^^i -^^^^^ 
mrreac'tant^ have a.Wy. an^.o res.dues. aga.n ,n a .no.n .,ar,ner «,.h rega.a '° -''-'V :a.^";^LTe 
reaction cor^ditions. Certam b.tunct.onai reagents, possrbiy g.u.raidehyde may not be s..tab.e D^ause^ 
Jh.lo they couoie. they may rrodify nucte.c aco and thus .nterfe-e -.th the assay. Routine precautions can 
be taken to prevent such difliculties. ^ . „ 

The particular sequence used m rr^aK.ng the labeled nucie.c acd can be var.ed Thus. ^^^'^^^ 
arr.no-substituted psoralen can (.rst be pnotochem.cat.y couced with a nuce-c acd. the product having 
^;tn. Jn no groups by which .t can be ccopled to the label, i.e.. labeling can be carr.ed out by 
S^^he^a.; reacU I ONA b.nd.ng Hgand with the n .c.eic .cd -n the test sar^pie. Alternatively, the 
Dsoraien can first be coupled to a label such as an enzyrrie and then to the nucleic acd. 

^ descnbi, ,n European Paten, Application No. 85 1 16 199.2 vom .2 Mai .985. -e"t,0" 
encompasses a labeled nucleic acd comprising (a. a nucleic acd component, (b) a nucleic ^^'l^-f-^'^^ 
U^Xtochen,.caily l.nWed to the nuc-.e.C aco comoonent. (r, a label and .d, a spacer chem.caliy hnk.ng 

^'i'taqeously. the spacer includes a chain o( up to about 40 atoms, preferably about 2 to 20 atoms, 
selected from ttie group consisting ot carbon, oxygen, nitrogen and sulfur. 

Such spacer may be the poiy.unct.ona. rad.ca. of a member selected from the group ccrs.st.ng of 
peotkJe. hydrocarbon, polyalcohol. po.ye.her. oo.yam.ne. poly.mine and carcohydrate. • "^J^f^^'^'^'^l^^ 
XcyHx other oligopeptide, carbony. d-peotides. and omega-ammo-alkane-carbony. radical such as_NH 
rCH,>.-CC^. a spermine or spermidine radical, an alpha, omeqa-amaned.am.ne radical f"«=^ « 
NH -HN-CH,.CH,.NH. or the like. Sugar, polyethylene oxide radicals, glyceryl, pontaery.hn.ci. and i.ke 

radicals can also serve as the spacers. , 

^ese spacers can be directly linked to the nucleic acd-binding ligand and-or the laoe. or the nkages 

may include a divalent radical of a coupler such as a.th.obis succmmidy. propionate. ,,4.0utanedio. 

diglycidyl ethef . a diicocyanate. carbodiimide. giyoxai; glutaraidehyde. or the i.ke 
TT^e spacer can be incorporated at any stage of the process of making the probe, 
a-b-d-c 

defined hereinabove. Thus, the seouence can be any of the following. 
I a-^b^-d^c. 
b*d*c*a. 
d •♦ c * b ♦ a. 
b*d*a*c. etc. 

Jh9 conditions tor the individual steps are well known in chemistry, 
s H the labe* is an enzyme, lor example, the product will ultimately be placed on a suitable ^"^ 

the e«en, of catalysis will be determined. Thus, if the enzyme .s a ^'^^^'^'^'^'^''^^'^'T^Z^'^t^^^ 
nitroohenyl phosphate and one would monitor the amount ot nitrophenoi generated by <="«'^'"^ 
„ tSTenirnTis a beta-gaiactosidase. the medium can contain o-oi,ro-pheny.-D^aiacto-oyranos.de which 
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also will iih"?rate mtroDhpf^oi 

The labeled nucieic ac:a of 'ff. oresent mvertion is aooiicacie to ad c,:nverticnai nvcrici;3:ion assay 
formais. and m genera* :o anv (crmat thai iS possible casea or. fo'maticri of a hvonOiiaticn ccduct cr 
aggregate comensmg ti^e laoeied nuceic aciO in oanicuiar, tl^e ur>aue labeied rucieic ac-.a :f cresent 
invention can be used m solution ano solid-phase hybnoiiaticn formais. including, m ;ne latter case, formats 
involving immobiiuation of either sample or o'Obe nucleic acics ana sandwich formats. 

The nucleic acid orobe will comprise at least one h ybr;oizat)ie. e g.. smqie-stranced. base seauence 
substantially complementary to or homologous with the seauence tc ce detected. However, such base 
sequence need not be a smgle continuous polynucleotide segment, but can be comofsea of r^o or mor© 
individual segments interrupted by nonhomologous seauences. These nonhomoicw-jS seauences can be 
linear or they can be self-complementary and form hairpin looos. in addition. nomoiogous region of the 
probe can be flanked at the 3' -and S' termini by nonhcmoiogous seauences, such as those ccmpnsmg the 
DNA or RNA o' a vector into which the homologous seauence had been inserted for orocagaticn. !n either 
instance, the prooe as oresented as an analytical reagent will e»hibit detectable nybnaiiat.on at one or 
more points with sample nucieic acids of interest. Linear or circular hybndizabie. e.g.. smgie-stranded 
polynucleotides can be used as the probe element, with maior or minor porltons oemg -iuoiexed with a 
complnmontar/ polynucleotide strand or stranos. provided that the critical homologous segment or seg- 
ments sre in ^mr'e-strardftd form and available for hybridization with sample DNA or RNA Useful prooes 
include linear oi circular probes wherein the homologous croce seauence is •<* essentially only smgle- 
stranded form (see partiCL.i..rly Hu and Messing. Gene . 17 2T1 (1982)). 

The nucleic, artid p'Obe of the present invention can be used in any conventional hybridization 
technique. As improvements are made and conceptually new icrmats are developed, such c?n te readily 
applied to the present probes Conventional hybridization 'Drmats which are particularly useful mctude those 
wherein the sample nucleic acios or the polynucleotide orotDe is immobilized on a solid suooort (sond-phase 
hybridization) and ttiose wherein the poiynucieoiide species are ail m solution (solution hybridization). 

In solid-phase hybridization lormats, one of the polynucleotide soecies participating m hybridization is 
Tixed in an appropriate manner m its single-stranded form to a solid support. Useful soiid supports are well 
known in the an and include those which bind nucleic acids either covaientty or noncovaiently. Noncovaient 
supports which are generally understood to involve hydrophobic bonding include naturally occurnng and 
synthetic polymeric matenais. such as nitrocellulose, derivatized nylon and lluonnated oolyhydrocarbons. in 
a variety of torms such as filters, beads or solid sheets Covai^int bmdmg supports (in the form of filters, 
beads C solid sheets. |ust to mention a few) are also useful and comprise matenais having chemically 
reactive groups or groups, such as dichlorotnazine. diazobenzyioxymethyl, ana the lilte. which can be 
activated for binding to polynucleotides. 

It is well known that noncovaient immobilization o< an oligonucleotide is ineffective on a solid support, 
loi example, on nitrocellulose paper The oresent invention aiso describes novel methods of ohgonucleonde 
immobilization. This is achieved by phosphorylation o1 an oligonucleotide by a polynucleotide kinase or by 
ligation of the 5-phosphoryiated oligonucleotide to produce muiti-oiigcnucieotide molecules capable of 
immobilization. The conditions fo' kinase and ligation reaction have been described in standard text books, 
e.g.. Molecular Cloning . T. Maniatis. E.F Fritsch and J Sambrook. Cold Spring Harbor Latjcratorv. (1982). 



A typical solid-phase hybridization technique begins with immobilization of samoie nucleic acids onto 
the support in single-stranded form. This initial step essentially prevents reanneaiir>g ol complementary 
strands from the sample and can be used as a means for concentrating sample matonai on the support for 
enhanced detectability. The polynucleotide probe is then contacted with the suooort and hypndization 
detected by measurement of the lat^el as descnbed herein. The solid support provides a convument means 
for separating labeled prot)e which has hybridized to the sequence to be detected from that which has not 
hybridized. 

Another method of interest is the sandwich hybridization technique wherein one of ^wo mutually 
exclusive fragments ot the homologous sequence o* the prolse is immobilized and the other is labelled. The 
presence of the poiynucieoiide sequence o( interest results m dual hvbndizalion to 'he immobilized ana 
labelled prolje segments See Methods in Enzymoloqy . 65 468 (1980) and Gene . 21 77-85 (1983) for further 



For the present invention, the immobile phase of the hybndization system can be a series or matrix ol 
spots of known kinds ano or dilutions of denatured Of^A. This is most simoly prepared by oipetting 
appropriate small volumes of native ONA onto a dry nitrocellulose pr nylon sheet, floating 'he sheet on a 
sodium hydroxide solution to denature the DNA. nnsmg the sheet m a neutralizing solution, then baking the 
sheet to fix the ONA. Before DNA. DNA hybnaization. the sheet 'S usually treated with a solution mat inhibits 
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non-soecilic binding of aoded DNA during nybriciira*:on. 

This invention involves the labeling oi v»hoie geicmic DNA. whole nucte^c aciGs ceser-t ceiis. ••-noie 
celt lysaie. or uoiyseo ^noie ceiis. Once the 'abetea material is oreoared. >t :an ce used (cr 't"i detecnon. 
I.e.. the oresence or absence ct certain specific gercmic sequences ov scecific rucieic ac:C hytnci^anon 
assays. 

One method according to the invention involves the separation o» cens fronn a human samoie cr the 
human samoie directly is treated by mixing with a Dhotocnemically reactive nucleic acio bmdmg :rter- 
calating ligand. The mixture is mcubated deoending on the type of the sarr.cie. If the samcie is lysea ceils 
or nucleic acids, it is mcubated for a period between a few secondr to five m.nutes and -.'er< whole cens or 
partially lysed cells are used, incubation between two minutes to two nours is ■»'rc;oyed. After the mi'iing 
and incubation, the whole samoie mi<fture is irradiated at a particular wave'ength for the covaient interaction 
between the photochemicafiy reactive DNA binding figand and the test sarr.cie. Then this labeled material is 
hybridized under soecific hybridization conditions with a specific probe. 

After the hybridization, the unreacted unhybridized labeled test samcte s -emoved bv .vasnmg. After 
the washing, the hybrid "S detected through the lacei carried by the test samoie. which is soecificaity 
hybridized with a specific probe. 

The present invention is surprising since in a human genomic samoie the amount of a Single COOy gene 
is very low. for example. i( a restriction fragment of one thousand base Cu-.s is the region of hycr^aization. 
the frequency of such sequ'-'.ce m the whole human genomic sample :s ere m a millio' This conclusion 
has been derived by assuming from the literature that a human genomic sample has 3 x 10* base pairs and 
tOOO base pairs will be l '3.000.000 of that number. Automatically, m a samcie of human DNA containing 
approximately five to ten micrograms of nucleic acids, miy 5 to lO mcogram of the corresoonding 
sequences is available and labeling the vast maionty of the non-specific DNA should procuce more 
background than the true signal. But after the reaction, .t is surprising to observe that the results are not 
only specific, but also of unexpected higher sensitivity. 

Without wishing to be bound by any particular theory oi operability. the reason for the unexoected 
sensitivity may be due to the formation of a network of non-specific nucieic acid hybrids bound to the 
specific hybrid, thus amplifying the amount of the signal. As has been shown m a typical example, a 19 
nucleotide long specific sequence containing plasmid is immobilized ano hybridized with 5 microgram 
eguivafent of a test sample which is labeled photochemicafiy and one detects very easily the signal resulted 
from such hybrid. This could not have been accomplished by any other tocnnique because of the problems 
associated with the labeling method. 

The present invention relates to a novel hydndization technique where prob es are immobilized and an 
eukaryotic nucleic acid sample is labeled and hybridized with immobilized unlabeled prooe. A surpnsmg 
charactenstic of the inve.ition <s the ability to detect simoie or multiple copy gene defects by 'abeiing the 
test sample. Since there is no requirement for an excess of iat»eied hyoridizing sequence, the oresent 
method is more specific in the present invention, simultaneous detection of different gene defects can be 
easily carried out by immobilizing specific_probes. 

For exampte. using the" present inventionT one can immobilize oligonucleotide orcbes scecific for 
genetic defects related to hemogiobmopathines. such as sickle ceil anemia and alpha-thaiassemias on a 
sheet of nitrocellulose paper, label the test samp!-j ano hybndize the labeled test sample with the 
immobilized probes. It is surpnsmg that partially purified or unounfied nucleic acio samples (cell lysate or 
whole cell) can be photochemicalty labeled with sensitive mciecuies without affecting the soecific 
hybridizat>ility. 

The oligonucleotide can be cloned m cloning vectors. -5 g . M 13. PUC '9 and PBfl anc accordingly the 
vector containing the oligonucleotide acts as the probe. 

The present invention is also directed to detecting eukarovtes iprotists) m samples from higher 
organisms, such as animals or humans. 

Eukaroytes include algae, protozoa, fungi and slime molds. 

The term 'algae* refers in general to chlorophyll-coniammg protists. descriptions of which are found in 
G.M. Smith. Cryptogamic Botany . 2nd ed Vol 1 . Algae and Fungi . McGraw-Hill (1955). 

Eukaryotic sequences according to the present invention includes ail disease sequences except for 
bacteria and viruses. Accordingly, genetic diseases, for example, would also be embraced by the present 
invention. Non-iimiting examples of such genetic diseases are as follows: 
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Area Affected 
Metabolism 



Nervous System 



Blood 



Pi seases 

Acute intermittent porphyria 

Variegate porphyria 

alpha^-antitrypsin deficiency 

Cystic fibrosis 

Phenylketonuria 

Tay-Sachs disease 
Mucopolysaccharidosis 1 
Mucopolysaccharidosis II 
Galactosaemia 
Homocystinuria 
Cystinuria 

Metachromic leucody -trophy 

Huntington's chorea 
Neurofibromatosis 
Myotonic dystrophy 
Tviberous sclerosis 
Neurogenic muscular atrophies 

SicJcle-cell anaemia 
Beta-thalassaemia 
Congenital spherocytosis 
Haemophilia A 



so 
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Bowel 



Polyposis coli 



Kidney 
Eyes 



Polycystic disease 

Dominant blindness 
Retinoblastoma 



Ears 



Dominant early childhood deafness 
Dominant otosclerosis 



Circuletion 



Monogenic hypercholesterolaemiA 



Blood 



Teeth 



Congenital spherocytosis 

Dentinogenisis imperfecta 
Amelogenisis imperfecta 



Skeleton 



33 



Slcin 



Xiocoinotor 



Diaphysial aclasia 
Thanatophoric dwarfism 
Osteogenes imperfecta 
Marfan syndrome 
Achondroplasia 
Ehlers-Danlos syndrome 
Osteopetrosis tarda 
Cleft lip/palate 
Ichthyosis 

Muscular dystrophy 



A nucleic ac.d probe .n accordance w-th the present invention .s a seauence wtn.ch can determine the 
sequence of a test sample. The orotjes are usually DNA. RNA. mixed copolymers of nt>o-and deox- 
yribonucleic acids, oligonucleotides containing ril>onucleondes or deoxyr.bonucleotide residues or ihe.r 
modified forms. The sequence of such a probe should be comotementary to the test sequence. The extent 
of complementary properties will determine the stability of the double helix formed after hybr.oizat.on The 
probe can also have covaiently linked non<ompiementary nucleic ac.ds. They can serve as the sites of the 

labeling reaction. nwa 
The nucleic acid is preferably labeled by means of photochemistry, employing a photoreactwe DNA- 
bifxJing furocoumarin or a phenanthr.dine compound to link the nucleic acid to a label which can be read 
or assayed in conventional manner, irwrluding fluorescence detection. 

One use of the present invention is the kJentif.cation of bactenal species in biological fluids, m one 
application, samples of urme from subiects having or suspected of having urinary tract infections can 
provide matenal for the preparation of labeled DNA(s) or RNAs. wmie a solid support 
nitrocellutosa or nylon, can contain indivKJual dots or spots Of known amounts of denatured ounfied DNA 
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the photochemical labeling process. 

'""T' '^""ot^'e Pf^ase of -he hybr.czat.on system can ce a ser-es or o^atr,, ot 

ao« LrL °""„ °' °' """^"^'^-^ ■r'-'' ^'^oarea bv "oen.na 

ZlZa Z r' " " ongonucleofdes onto a Cry n.rocellu.cse or nylon sh^ 

loat mg ,he sheet on a sod.um hydro^.de soiut.cn to denature the DNA. r,ns.r,g ,he sheet ,r, a ILraZna 
soiufon then bak,ng me sheet to fix ,he ONA. Before DNA:DNA hybno.^at.or, the she? s usuanrt^a ed 
«.th a sofufon ,ha. ,r,h,b,.s r,on-soec.fic bmoing of added ONA Our.ng hybr.d.zat.on ' 

.eig^:r,:errer::;etrs?e;'^^""^ "^-'"""""^ — 



Examples 

Example U Preparation of Labeimq Comooupd 

The preparation of the labeling compound recu,red t-am,no-i7.N-,e,ot,nviar,.co.-3 6 3 t? n»r,... 
aheptadecano. This compound was prepared ,n the follow,ng four steps- 3 6.3.'2-.5 cer.,aox- 

va) 3.6 9. J 2, IS pentaoxaheptadecane i.i7^ioi ditosyiaie was synthesized 
c Of 3.6.9.12.,5 pentaoxaheptadecane was preoared 

^0 c .i7-d,am,no denvat.ve of 3.6.9..2.t5 pentaoxaheptadecane was prepared 

(d) 1-ammo. i7.biot.ny)amido derivative of 3.6.9.12.1 5 pentaoxaheotadecane was creoared. 

^ Exarr^ Prgparanon of 3.6 9.12.1 5-PentaoxaheptadecaneM 1 7^i». n,.^<^ 

(39.i%' aS^mXn'l^^mTrCH C.%To'c""'''^^^^^ ^""^ ^ °' .ne.hylam.ne 

to,uene?ul,ony. ch.^ond: r38;'m^Hn'5o^ of S!af vlraTs^'^L? ^^irC"'"'"^ '^^^ ^ " 
then stirred for one hour at 0«C anrt fh«n Z. oer,oa. The reaction mixture was 

30 filtered and the filfrate wal concTntrl^I^ „ , rT * ^ ''O"^ The mixture was then 

500 m. Of ethyl acetate "d Sl3T« I '^'"""^ ^heterogeneous resKlue was suspended m 

JS Analysis: Calculated for CH^O S, 
Catc: 

C. 52.87: H. 6.48. 
fourtd: 

C. 52.56: H. 6.39. 

PMR- ,60 MH^. CDCM * 2.45 ,s. 6HV 3.4-3.8 (m. 20H,; 4.2 ,m. 4H) 7 8 fAB Quane, J - 8Hz ph. 
IR: (neat) cm 2870. t6i0. 1360. 1185. 1105. 1020. 930. 830. 785. 670- ' " 



so 



55 



ExamEjeitbt: Preearati^ ^'^-Diohthal.m.do.a.e 9.12.15-pen,aoxaneptadecane 

mblW^sTlT'^r'*^ "^"'^"'"5 '08 g of 3.6.9.l2.15-pentaoxaheptadecane-i.i7-dio. ditosyia.e (0 183 
r70-C ^ '^'T"'" f"^"^^'™'^* and 700 ml of dimethyiacetamide was hea\^ at iS 

iiL^'aS aci::^ry:s z^:.roVo:Tcr:r':r' "^^ ^'""""'^ «.tered"n:^:«h2, 

124.12e-C. ' ^* " ' "'"^•'^ at S5-C fO 1 mm, mp 

the fesTrlJ' p'Slprtaf;'!^ Ts 17 dimethyiace.am.de filtrate by evaporation ,n vacuo and 

white PowSr w^r^ aTss-cy, r^^r^^^ 7^ ^" ""'^ fhe-T^iClting 

.JT ; "^"'^ '° an additional 9.7 g of product mo 124 5.12S S-r Th^ 

combmed yield ot product was 62.82 g (es-i yield) '24 5-126 5 C. The 

Analysis: {For first crop) 

Calculated for C„H„N,0,.i.2H,0 
Calc: 

C. 61.19: H. 6.05; N. 5 09. 
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'rom eacn ol the several bacJena iikeiy to be responsible for infection 

The format of labeled unknown and unlabeled orobes. *h.ch s tr-e ccrverse of s-a^aard schemes 
allows one to icentify among the number o« possibilities the scecies of crgamsm m a Eamoie «ith only a 
single 'abeling. It also allows simultaneous ceterm.nation of the oresence of mere than r-e a.stmgtjishabie 
bactenai soeces .n a samole (assuming no ONA in a mixture is Ciscnmmated aga-s: .n ihe :abeiing 
procedure). However. It does not allow .n a s.mpie way. better than an estimate of the amount ct DNA (and. 
therefore, the concentration ol bacterial m a mixed sample. Far 9ucn cuantitation. samoie DNA is 
immobilized m a se.ies of dilution spots along w.th spots of stanoard ONA. ana probe OHAs are labeled. 

A unnary tract infection is almost always due to monoclonal growth oi one of the 'ci owmg half dozen 
kinds of microorganism: Escherichia coli iSO-QO-o ol UTIV Proteus spp. (5-20% of I'T v Klebsiella spp (3- 
lO-'o of UTI). Staphylococcus spp. (4-20°'. of UTi). Streptococcus spo i^-S', ^< UTH Pseudcmonas and 
some otfier gram negative rods together account (or a low percentage of UTI A comrron contaminant of 
urine samples that is a marker of improper sample collection is Lactobacillus . 

T>;e concentration of bacteria in a urine sample that defines an infection is about 10 cer miiiiitter 

The format for an unlabeled probe hybridization system acoiicabie to unnary tract .rfectiors <s lo have 
a matrix of DNAs from thp above list of soecies. denatured and immobilized on a succcn such as 
nitrocellulose, and m a range of amounts appropriate for concentrations of bactenai DNAs tnat can be 
axpec«*d in tampi-js of labelled unknown. 

Standard hybr-dization w.th biotinylated whole genome DNA probes takes place m 5-'0 m. at a probe 
concentration of about 0 1 ug.ml: hybridization ot probe to a soot containing about tO - - denatured ONA is 
readily detectable. There is about 5 fg of DNA per bactenai ceil, so that <or a sample to comam i ug of 
labeled ONA. <t is necessary to collect ? < tO* bacteria. If an infection oroduces urine nav.ng acsroximateiy 
to' bacieria/ml. then bacterial ONA to be labeled 'rom a sumpie >s concentrated irom 2C00 mi !i more than 
10 ng unlabeled probe DNA .s immobilized m a dot. for example. lOO ng or i ag. o> if the ivbnaizatior. 
volume is reduced, then the volume of unne required for the preparation of laeeled Linknown is approti- 
mately a few tenths of a ml. 

A strip of dots containing immobilized, denatured, unlabeled orooe DNAs ccuir nave tne lonowmg 

configuration: 





1 yig 


10 ng 


100 1 


Escherichia 


o 


o 


o 


Proteus 


o 


o 


o 


Klebsiella 


o 


o 


o 


Staphylococcus 


o 


o 


o 


Streptococcus 


o 


o 


o 


Pseudomonas 


o 


o 


o 


Lactobacillus 


o 


o 


o 



This procedure involves the labeling of ONA or RNA m a crude cell lysate. ideally, preoaration of 
<s labeled sample ONA or RNA wiii accommodate the following oomts 

(1) bacteria will be concentrated from a fluid sample by centrifugatioo or filtration: 

(2) bactena *tll be lysed under conditions sufficient to release nucleic acids from the most refractory 
ot the ocgviisms o^ interest: 

(3) the labeling protocol will not require purification of labeled nucleic acids from unincorporated 
so precursors, nor the purification o' nucleic acids prior to labeling; 

(4) the labeling protocol will be sufficiently specific (or ONA and or RNA that protems. lipids and 
potysaccfiarides m the preparation will not interfere with hybridization nor lead-out 

In the present invention, there IS provided a method tor eHiciently and rapidly lysing whole cells, 
including Gram positive bactena. The method involves contacting ceils, e g.. whole ceils, with an aikaii. e g.. 
55 sodium or potassium hydroxide solution in a concentration ol 0.1 to 16 Normal. 

The important features ot the present lysis protocol are us relative simonciry and soeed it employes a 
common chemical that requires no special storage conditions and it lysas even Gram positive organisms 
with high efficiency, while preserving the properties of the DNA that are important fo' subsequent steps m 
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<ound: 

C. 61 08; H 6 15. N 5 05. 
(For second croc) 

Calculated >o> C,.h.,N:0. 
Caic: 

C. 82 21: H. 5 97, H. 5 18. 
found: 

C. 61 78: H. 6.15; N 5 '3. 
PMR; (60 MH2. dmso-d.) A 3 5 (s 8H): 3 6 (s. 8H1: 3 8 (bt. J = 2Hz. SHI; 8.1 fs. 3H). 
IB: (KBr) cm"' 2890. 1 785. i 730 i »00. 1 100. 735. 

Example HO; Preparation ot i .i7-Diam.no-3 6.9.i2 .i5-PeniaoKahepladecanQ 

A solutior. contain.ng 60 g of i .1 7-diohttial.mido-3.6.9.l2.i 5-oentaoxaheotaaecane ,0.1 18 mod. 1 4 3 g of 
hydrazine hydrate (0 296 mol). and 500 ml of ethanol were heated w,th mechan.ca. st.rnng .n a lOO C o.l 
fath for three hours. The mixture -as then cooled and filtered. The resultant filter caKe was wasneo four 
times w-t*^ 300 m pcnions of ethanot. The comemed filirat»s were concentr^-rod to yield 32,35 g of a yeHov» 
apaque glassy oil. The evaporative d.sl.iiai.on at 150-200-C (O.Oi mm. gave 22 32 g of a ught yanow 0.1 

(69% yield), lit. b p. 175-1 77 - (0 07 mm). 

PMR- (60 MHz. CDCl,) S : 1 77 (s. 4H. NH,): 2 85 (t. J = 5Hz. 4H): 3.53 (t, J = 5Hz. 4HV. 3 6. .m. 16H) 
IR: (CHOI,) cm" : 3640. 3360. 2850 1640 1585. 1460. 1350. 1250. 1100. 945. 920. 870 
Mass Spectrum. (El) m/e = 281 2 fO i"'.. M * n 

(FAB) m<e 281 2 (100% M * n 
Analysis: For C.,H„N,0,.1 2 H,0 

Cafe ; 

C,49 80. H. 10.10; N. 9 68. 
found; 

C. 50.36; H. 9 58; N. 9 38 

Literature Reference. W Kem S. Iwaoachi. H. Sato and V. Bohmer. Makrol. Chem. igO. 2539 (19-91. 

Example 1(d): Preparation of i-Am.no-i7-N-tBiolinviamido>-3.6.9.i 2.''5-oentaoxaheotadecane 

A solution containing 7 2 g ot 1 i7-Oiamino-3.6.9.i2.i5-pentao«heptadecane (25 mmoD m 75 ml of 
DMF under an argon atmosphere *as treated with 3.41 g of N-succin.midyl biotin (10 mmoD 3ad«) .0 
portions over 1 0 hour. The resulting solution was stirred fo. lour hours at ambient temperature. TLC iSiO,. 
70-10 1 CHCL,-CH,OH-<:onc NH, OH) visualized bv dimethyiamtnocinnamaidehyde spray reagent showed 
excellent conversion to a new oroduct (Rf=0.i8). The reaction mixture was divided m halt and each half 
was absorbed onto S-O. and flash^hromatographed on 500 g ot SiO.-60 (230-400 mesht using a /O tO.1 
CHCU-CH,OH-conc. NH.OH solvent mixture. Fractions containing the product were ooiled and concentrated 
to a yield 2.42 g of a gelatinous. *axy solid The product was precipitated as a solKl from .sopropanoi-ether . 
washed with hexane. and dried at 55'C (O.1 mm) to give 1 761 g of a -/.hite oowder (35% yield). 
Analysis; Calculated for C„H„N.O.S.3 2 H.O; 

C. 49.51. H. 8.50: N 10 49. 

found: 

C. 49.59; H. 8.13: N. 10 39. 
PMR; (90 MHz. dmso-d.» 4 1.1-1 7 (m. 6H): 2 05 (t. J-7H2. 2H): 

2.6? (t. J=4Hz. IN); 2.74 (t. J = 4Hz. 1H); 3.0-3 4 (m. 14H) 

3 50 (s 14H): 4 14 (m. 1H): 4 30 (m. IHV. 6.35 (d. J = 4Hz, 1H)- 7 80 (m. 1H> 
CMR: (22 5 MHz. dmso-d.) 4 ; 25 2. 280. 282. 35.1 40 6. 55 3. 59 2 61.1. 69 6. 69 8, 71,2. 162.7. 1 72 1 
IR: (KBR) cm" ; 2900. 2850. 1690. 1640. 1580. 1540. 1450. I1OO. 
Mass Spectrum (FAB) m^e; 507.3 (M ♦ 1 . 56%) 
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Eompie 2: P'ecaraiion of 4--Biotmyi-PEG-4.5 -jim eii'vianqeiicin 

A soiotron o« 203 mg o1 i -am.oo-i 7.N-.b.ot.nyiarn-do.-3.6.9.i 2.1 5-cen,aoKar,eptacecare .0 4 mmoi. ir, 1 
m. of DMF under an argcn atmosphere was treatec «.rh 78 mg of N.N-carbony.d.n,,oa^oie ■O^;*^ mmo.|^ The 
resulting m.xture was stirred lor four hours ana was •r.en treated w.tn 55 mg of 4-.am.nomethyi-4.5d.meth- 
ylingeNon hyorochlonoe .0.2 mmolt. 140 a) of d-.ccropyleihylam.ne. and 100 ul of DMF The result.ng 
mix^re was sfrred overn.ght at SO'C. The m.xture was then evaporated onto S.O. .n ^"-^ 
resultant impregnated solid flash was chromatograc-^ed on 60 g ol SIO. (230-400 mesn. elu.ed with 15 
mars of 7% CH,-CHCi, followed by i liter of I0«i CH.OH-CHCI, Fractions conta.n.r--^ the product were 
pooled and concentrated to y.eld 72 mg of a glassy solid (47% yieid>. , ^. t .►^ 

PMfl: (90 MHZ. dmso-d.): S 1.1-1.8 (m, 6H>. 2.04 ibt. J = 7Hz. 2H): 2.5 (s. 6HV 2 56 'mj^l: 2. 4 bd 
J=4H2 1H)- 2 8-3.4 (m. 14H):3.40(m. 14H1: 4 14 (m. lHV 4 25;m. l H): 4.40 (bd. J = 6Hi. 2HV c 5 (m. IHV 
6.35 (S." 1 H>: 7.02 fs. 1 H): 7.45 (d. J = 8Hz. 1 H>: 7 62 J = 8H2. 1 H»: 7 80 (m. 1 HI. 

CMR (22.5 MHZ. dmso-d,) ^ : 119. 18.9. 25.3. 282 28 3. 33.4. 35 2. 55 4. 59.2. 6i 0. 59 2. 69.6. =9,3. -0.0. 
890 1078 1120. 113.1. 1143. 120.6. 121 6. 1535. 154.4. 1556. 157 9. 159.5. 162.7. 1,2.1. 

Uterature Reference: F. Oaii-Acoua. 0. VedaiOi. 3. Catfien. A. Guiotio. P Rod.qh.ero. F. Bacr:cheni. F. 
Carlassafe artd F Bordrn. Med. Chem. . 24. 178 (19?1>. 



Example 3: Colonmetric or Chemilummescent Detection of the Nucig-c Acid HyDnds 
Example 3(a): Colonmetric Detection 

(k)lorip^etnc detection of the biotinyiated hybrids is carr.ed out following the oroceoure and kit 
developed by Bethesda Research Laboratories (BRL). Gaithersburq. Maryland 20877. U.S.A. Tv^e crocedure 
is described in detail in a manual supplied w,th a kit by BRL. entitled "Products lor Nucleic Ace Detection". 
"ONA Detection System Instruction Manual". Catalogue No. 8239SA. 



30 Exampte 3(b): Chemiluminescent Delection 

Chemiluminescent detection of the biotinyiated hybrids is -dentical to the above method: the liners w.th 
ihe hybrids are saturated with BSA (bovine serum aibumini by immersing the paper m 3% BSA at 42'C for 
20 minutes Excess BSA is removed by taking the oaper out ol the container, and blotting .1 between two 

35 pieces of fitter paper. Tlie paper is then incubated m a solution containing StreptaviOin i0.25 mg ml, 3.0 ml 
total votufT>e», for 20 minutes at room temperature. It is then washed three times with a buffer containing 0,1 
M Tris-HO pH 7 5. 0.1 M NaCI. 2 mM MgCI,. OOS-. "TRITON X-iOO". Next the filter is .ncubated with 
biotinyiated horseradish peroxidase (O.iO mg.mi) for 15 minutes at room temperature. This is followed by 
three washings with 0.1 M Tris-HCL pH 7 5. 0.1 M NaCI. 2 mM MgCt. and 0.05% Tnton X-iOO. and one 

40 washing with iO mM Tris (pH 8.0) buffer Chemiluminescent activation is conducted m two ways, d) Spots 
are punched out and the discs containing the ONA are placed in a microtiter plate with wells that are 
painted black on the sides. After the punched paper circles are placed <n the microtiter plate wells. 0,8 ml 
buffer containing 40 mM Tris and 40 mM ammonium acetate (pH 8,U is added to each wen. Then to al of 
1-1 mixture of 39 mM Lum.nol (in OMR and 30 mM H,0. (in wateri .S added. Light emission is recorded on 

45 a -POUAROID- instant film by exposing it directly m the film holder. Alternatively <2». the oaper .s soaked m 
a sotutioo containing 1:1 mixture of 0.5 mM Luminol and H,0, and wrapped with a transparent "SARAN 
WRAP-. Ti«j light emission is recorded on a -POLAROID" film as above. 

50 Example 4: General Method of Labeling the Test Sample Nucleic Acids 

High molecular weight ONA from a patient's sample is isolated by a method described in U.S.P. 
4 395 486 (Wilson et al). the entire contents of which are incorporated by reference herein The nucteic acid 
is dissolved in 10 mM borate buffer (pH 8.0) to a (inal concentration of approximately 20 ug ml To the 
55 nucteic actd solution "angelicin-peg-biotin" in aqueous solution is added to a l.oal concentration of 10 
ug/ml The mixture is then irradiated at long wavelength irradiation for about 60 m.nutes -js.ng a black ray 
UVU 56 lamp The product is ready for hybridization without purification. However, the product can be 
punfied by dialysis or alcohol precipitation lU.S.P. 4.395.486) as is usually followed for nucleic acids 
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insiaad ot nucleic acias. whcie ceii lysate can also be laceied following an idenncai crocecure The 
lysis is conducted fcy boiimg the cells with 0.1 N socium t-ydroxice. loitowed ty neuiranzation vyith 
hydrochloric acid 

When whole cells are usea. ire mixiure of "PEG-ang-cio" ard ceils are mcuoaieo -or at ^east 60 
5 nninutes onor to irradiatton lor et'Cteni transoort of the iicanos. Many different variations of tre joove 
described methods can be adopted for labeling. 

Example 5^ 

ro 

Alpha-thalassemia ir. associated with gene deletion. The detection of gene oe'etion by hybndizaticn m a 
dot/slot blot format requires that the total amount of samoie and its hybridizability are accurately wnown. 
Since the beta-globin gene is a single copy gene, simultaneous hybridiiaiion of a samcie «ith beta-globm 
and alpha-globin and their relative amounts will indicate the amount of aloha-giobin wtn the samoie. 
TS The format and hybridization conditions are the same as RuCm and Kan. supra , except orooes. not test 

DNA. is immobilized Hybridization conditions are also similar Tre aetficrion is core oy using the S^'.L kit 
descrit>ad supta following BRL's specifications. 

■^■j hyhr liization detection process are conducieJ 'n three steps as '-Mews: 

to 

Step 1 : Immobilization of the Probes 

As described in Rubm arid Kan. supra . 1 5 kb Psti fragment containing alpha, giobm gene is used as a 
probe tor alpha-thalassemia and for the beta-globin gene a 737 base pair orotje produced by 'he digestion 

2S oi pBR beta Pst (4.4 kbl is used The beta-giobin gene probe has been descnbed m U S P 4 39S.486 
(column 4). For the detection of gene deletion related to aipha-thaiassemta. the amount of starting nucleic 
acid, hybridization efticiency and control samples are needed. T^.e present invention avoids these orcoiems 
by simultaneous hybridization with a single copy essent'ai gene le g.. beta-globm genet wnen similar 
amounts 0* probes are immobilized side by side, labeled samoie is hybridized, relative strength of signal 

30 intonsity is a measure of relative amount of gene dosage present m the sample. 

The prot>es (0.5. 1, 3 and 5 ug per 10O ul) are suspended m 10 mM tris HCI <pH 7) buffer, denatured 
with 20 ul 3 M sodium hydroxide, at l(X)*C. for 5 minutes, an eauivaient volume ot 2 m ammonium 
acetate. pH 5 ff is added to neutralize the solution, immediately after neutralization the proC>es 'or bera-and 
aJpha-giobin genes are applied m parallel rows to nitrocellulose filter paper under vacuum m a sict blot 

3S manitold. purchased from Scleicher and Schuell. (Keene. New Hampshire. U.S.A.) The filter is then dried in 
vacuum at 80*C for 60 mmutes it is then prehybridizad for 4 hours m a mixture containing 50 mM sodium 
phosphate (pH 7) 45 mM sodium citrate. 450 mM sodium chloride. 50°<> (v v> foimamide 0 ;?''■» each (w v) 
of polyvinyl pyrrolidine. "FiCOLL 400" and bovine serum albumin and 0.2 mg ml alkali boiled saimon soerm 
DNA and 0.i5 mq-ml yeast RNA 

-«o 

Step 2; LalJeiinq of the Test Sample 
This was described above. 

Step 3- H ybridization 

The nitrocellulose strip containing the immobilized probes are hybridized with the labeled test samoie ii 
so plastic bags (e g.. "SEAL-A-MEAL". "SEAL and SAVE" etc i Hybridization solution is the same as 
prehybridization solution plus 10% dextran sulphate. Hybridization is done at 42*C for t6 hours After 
hybridization detection of biotin is conducted with a kit and procedure supplied by Sethesda Research 
Laboratory. Maryland. U S A., (cataksgue No 8239SA>. Results of relative intensity of aipha-and beta-regions 
are used to estimate the extent ol deletion o( alpha-globin genes: 
5S No signal on the alpha-giob'n side; all 4 aipha-giobm genes missing. 

Signal on the atpha-giobin side is halt as strong as on the corresponding beta-side: 3 aipna-giobm jenes 
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missing. 

Signals on aloha and beta side equivalent: 2 aicha-giobm genes missing. 
Signals on aipna side is stronger man the ccrresponcing beta side (2 alpha 
gene missing. 



3 betai: : aioha-giobin 



Example 6: immobilization of an Oligonucleotide Seouence Specific lor HemoqioDin l^utai'on 

It is known that an oligonucleotide cannot be easily immobilized onto mtrocetluiotj pacer by a simple 
adsorption process. The present invention encompasses three difierent r.-.ci.ioos to incorporate an 
oligonucleotide seouence into a larger molecule capable of adsorption. 



fwlethod 1: 



2S 



Two oligonucleotides, one a 43mer and the other a i6-mer. have been chemically synthesized in an 
automatwJ SY-the?izer (Applied Biosystem 380B) by the phosohoramidite-method and phosphcrylated at 
the 5 end by a T4-polVnucleotide kinase mediated process according to Maniatis et al. Molecular Cloning , 
page 122. These oligonuc:: otides comain a segment of a 19 nucleotide long seque te specific for the 
detection o( the mutation associated with sickle cell anemia. 

43mer A & S (A = normal giobin gene: S = s;c!<le globin genei were kinased according to Maniatis et 
al. Molecular Cloning , page 122. m two separate reactions, namely, one with J^P-ATP and one with no 
radioactive label. 0.4 ug ^'P-43mer and 0.6 mg cold 43mer were mixed and purified on a spun column (G- 
25med in TE (Tris EOTA buffer)) to a final volume of 40 ul. Two dilutions were scotted on S & S 
(Schleicher & Schuell) nitrocellulose and nytran (nylon) membranes at 50 and 0. 5 ng. 
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Method 2: 

The phosDhoryiated oiigonucleoi.de products of method 1 were further elor^c-ted by making multimers 
ol seauences by a ligase mediated orocess. The pr.nc.oie .s described as follows 

s 

(X) 



5' 3' 

ligase 



(X) 



5 • 



Strand separation 



5' 



3* 



5' 



55 



i 



<X) 



The product beir^g of a higher molecular weight than an oligooucieohde it shouW be immobil.zable by 
adsorption on to a nitrocellulose paper. ^ ^ _^ 

Aqueous solutions containing 4ag of «P43mer and 3.7 ag I6mer linker (X) were mixed and dnod under 
vacuum 6 mo of cold kinased 43mer was added and the sample was heated to 55-C and cooled slowly to 
0-C to anneal Ligation was earned out in 20 ul total reaction volume w.th 800 units of ligase (Pharmacia^ at 
15»C for 4 hours. 1 mg (2 ul) was purified on a spun column (G-25med in TE) to a final volume of 40 ul. 
Two dilufcurts were spotted on nitrocellulose nylon membranes at 50 and 0.5 ng. 



*<» Method 3: 



The same a^ method 2. but ligation was not conducted, instead of ligation, cross linking was conducted 
with an intercalatof to keep the double stranded regions intact. Hence, the cross linked molecule will have 
saverai oUgonucleotide sequences covalently linked to each other. 

2 uo of HP43mer (for sequence P-50) was added to 2.9 mg of a i6mer (for sequence P-50) linker and 
purified on a spun column (G25med in TE> to a final volume of 40 ul. 6 mg of kinased 43mer was added 
and the samples were heated to 55-C and cooled slowty to O'C to anneal. 25 ut of intercalation cornpound 
aminomethyltnoxsalen was added and the samole was irradiated for 30 minutes on ice m 500 ul total 10 
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mM borate DuHer pH 8.2 with a long wave UV tamo moael (UVL-21. x = 366 nM) 

The orobes modified by all three methods *ere :her. ,mtT,co.ii;ed on to n,trc--!iuiose and nv;on oaper 

and hybridized v»r,- abeiioo oligonucleotides. The results .naicate that the seauen.- are immoon.zabie and 

hybridization lideiitv remains intact. 

Two dilutions ci the products o< methods i -o 3 -ere scoaea cn ri.troceiiuiosc ana nyion membranes at 

50 ana 0.5 ngs- 

Whole liiters "-'e baked for 30 minutes m 80*C vacuum oven and prehybrczeo m cicKo {5 o nontat 
dry milk 6XSSC. <20 mlvl Na-pyrophosphatet for 30 minutes m 50"C oven. 

Hybridization -95 earned out with primer emended 19A & 19S probes a: "Z'C 'or ore hour (3 

strips probe). , 
Filters were stringently washed 'or 15 minutes at room temoerature m 6XSSC with slight agitation ana d 

X 10 minutes at ST'C 

Air-oned filler? -.vffre place on Whatman paper and autoradicgraphed at -70 'C overnight. 
The results presented m Fig. 1 surprisingly .noicate specific nvbridiration are cbtaineo bv immobilizing 
oligonucleotide probes. 



Example 7: Hybnrii^ation with labeled genomic ONA for Non Radioactive Detection 

Human norma' genomic (XX) DNA was photoiabeied with -biOtin-PeG-argeiicm- <BPA> ,n lO mM borate 
buffer pH 8.2 at a weight ratio of 0.3 to 1 (BPA:DNA> for IS minutes on ice with a long wave UV Ump model 
gVL-21. )k = 366 nm. No purification is necessary. 

Target DNA oligonucleotides were directly immobilized on S & S nitrocellulose m 1 ai aiiauots at the 
following concentration, and then baked in an 80'C vacuum oven for 30 minutes. The amounts of the 
different immobilized probes are as follows: 
43-mer (A) - Kinased (method 1 ) 
43-mer (A) 200 ng 



43-nier (S) - Kinased (method 1 ) 

43-nner (S) 200 nq 
X M1319ASS 50 ng 
IM1319SSS 50 ng 
Ml 3737 Ass 50 ng 

BRL Commercially biotinyiaied DNA 

pUC19 50 ng 



200 ng 
200 ng 



200 pg 



4 3-merA: 5* 



ggat^aat.ctcctgXggagaagtct 



GCT-AATCTTAA 
4 



3' 



♦ -T for 43-mer S 

16-mer (Ccmmon to both A and S) 

3' - TTAGAATTCCTAAAT T-S ' 

r.lters were prehybndized m blotto (5% nonfat dry milk. 6XSSC. 20 mM Na-oyroohosphata> for 30 
minutes in a 45' C H,0 bath. 

All 4 strips were hybridized in 2 mis solution containing 2 ug labeled XX DNA containing normal beta- 
giobin gene (hybridization solution was blotto with 10% PEG) for 2 hours in 45"C in a H,0 bath. 

A stringency wash was carried out as follows: 

1 X 20* at room temperature in 6XSSC 

2 X 20* at temperatures indicated in Rg. 2 with very little agitation. 

50 mi centrifuge tubes were used for elevated temperature washes. Results are shown m Fig. 2. 

Detection of biotin in the hybrid was earned out according to the Bethesda Research Laboratory. 
Bethesda. Maryland. U.S A., manual using their kit lor biotin detection. The results indicated specific 
hybridization. 
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Example 8- Immobilization oi Whole Gercr 'JA As Probes 



Tens of milligram lo gram amounts ' 
harvesteO Irom fermentor cultures. Bac'.e 
cultures grown m a New Brunswick 
suspension were lysea by exoosure to 
acids were ounfied from proteins and tiptd^ 
Biol. . 3. 208-218. i96n. RNA was remov? : 
solution W1t^ 0 2 mg ml nbonucleasa at 3" 
two volumes ot etnanoi Bacterial DNA reo 
mM Tns-HCI. pH 7 5 1 mM Na, EDTA 
molecular size, itien aoprcximateiy i mT' 
nitrocellulose or nylon membranes for h 
(1979)). Denaturation was accomolished t 
denaturation ifie solution was neutralizeo. 
dried. 



«ere oreparea n the following manner 'rom bactenai cells 
collected by centnfugation from ;0 iter rutnent broth 

- Microferm Fermentor. Generally, ceils m concentrated 

- cetergeni such as SOS iNa dodecyi sulfate), then nucleic 
--'traction with phenol and or chloroform (J. Marmur. J. Mol. 
-r> the nucieic acids preparation by treatment of the DNA 

-en DNA was precipitateo from soiuLon by the addition of 
,ed from the precipitate m a low salt juffer such as TE (lO 

; charactenzed with respect to punty concentration and 

ahquois were denatured and immobilized as soots on 
-r.ion (Kalatos et ai.. Nur;eic Acids. Res, 7. 1541-1552. 
-sure of the DNA with acoroximaieiv d N NaOH. After 
-e membrane was rmsed m NaC: Tns-HCI. cH 7 5. and 



Example 9. Piocessmg of a Tsst Sample iry _Jar DNA Laoeimg 



Samples of urine, for example (althouc" 
gofwrt>ea-suspect swabs, from menmgitr 
sampies. etc.). are centrifuged or littered ii" 
are ttwr lysed by exposure to either (0 2 
90*C heat. <ii) O.t to i 6 N NaOH. or (111) 1° 
netjtraiized before labelling; after (lii) deterg' 
0.5 M K acetate on ice. Angeiicin should : 
accomplished before cell lysis. This m 
deterge"' tysates can be incorporated direct 

Pfiof to hybridization, the labeled same 
short single stranded lengths to facilitate 
MoWiods of denaturation are known m the 
organic solvent, heating. aciO treatment an'i 
controlled way be heating the DNA to aoo- 
this, of course also oenatures the ONA 



'oiiowing can eauaily acoiy to suspensions of material form 
.-=ct cerebrospinal Muid. from contam.nat.cn-susoect water 
-►1 and concentrate any bacteria m the sample. The bacteria 
-ii lysozyme or lysostaohm then exposure to aoproximately 
la dodecyi sulfate After my NaOH. the ceil lysate solution is 

• ysis. ONA labelling is preceded by removal of the SOS with 
5010 to permeate intact cells so that ONA labeling can be 
abeling simpliries the extraction orocedure. as alkaline or 

<nto a hybridization solution. 

- .s denatured, and it should also preferably be redi'ced_ to 
ecific annealing with the appropriate unlabeled probe DNA. 
t These methods include treatment with sodium hydroxide, 
-^mbinatrons thereof. Fragmentation can be accomplished in a 
•mately 80*C in NaOH lor a determined length of time, and 



Example 10: Labeling of tjie Pioducts o1 Etamcie 9 



ri) A tflst sample of about lOmi unne w.n contain tO' or more infectious agents. After seoarat-on by 
centrifugatior. and washing the pretreated ceil lysate (step 2> was resuspended m 0.2 mi 10 mM sochum 
borate^ffe, fpH approximately 8). To this suspension. 10 ag of photoiabe.Ung reagent dissolved in emano^ 
(10 mg,mi). was added and mixed by shak.r^g on a vodex m.xer The mixture was ttien irradiated a 365 nm 
lor Mminutes w.th a UVGL 25 device at its ong wavelength setting. The UVGL device is sold by UVP Inc.. 
5100 Walnut Grove Avenue. P O Box 1501. San Gabriel. CA 91 , .8. U.S A. 

(ii) TT,e sample was also labeled with N.(4-az.do-2-nitrophenyi)-N -(N-d-b.ot.nyl-3-am.nopropy >-N - 
methyM 3-opanediam.ne .commercially available from 8RESA. G P O. Box 498. Adelaide. South Australia 

5001 Australia), following the orocedure described by Forster et al (1985) . syeia for DNA. 

■ (iii) When uniysed cells were used the cell suspension m 0.2 m. iO mM borate was mc. -.ated with 
the photoreagent for l hour prior to irradiation. 



55 



Example 1 1 . Hybndization ol the Products ot Examples 8 and iQ 

Prior to hybndization. the membrane with spots of denatured unlabeled probe ONA was treaty for up 
to 2 hours with a "prehybridization" solut-on to block sites m the membrane Useif that could bind the 
hybridizatkjn probe This and the hybridization solution, which also contained denatured '^"e.ed sarnp^ 
oSTwas cpmpnsed of approximately 0 9 M Na* 0 l-'<. SOS. 0 l-S-. bovme serum albumin cr nonfat dry 
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mim. and ootionally formamide. With SCi tormamicJe. the prehybndization nytindiiancn steos were 
done at approxtmately 42*C; without, the tennperature was approximately 68"' ^-ehybnoiieo membranes 
can be stored for sone time. ONA hybridization was allowed to occur for at;:' ' '0 minutes or more, then 
unbound labeled DNA was washed from the memorane under conditions sue" . C.018 M Na* (O.I x SSCi. 
0.1% SDS. 68*C. that dissociate poorly base paireo hybrids. After posthybnr- r washes, the membrane 
was rinsed in a low salt solution without detergent in anticipation of hybridi2a;:c -rtection procedures. 

Example 12: Detection of a t^ucleic Acid Hybnd with immunoqold 

Affinity isolated goaf antibiotin antibody (purchased from Zymed Laboratc ■ San Francisco. California. 
U.S.A.) was adsorbed onto colloidal gold (20 rim) following the method desc - - by its supplier (Janssen 
instruction booklet. Janssen Life Sciences Products. Piscataway. Now Jerrr--. U S A.) and reacted with 
hybridized biotinylated ONA after blocking as m a coiorimotnc method. The - -i^ats were silver enhanced 
using a Janssen (B2340 BEERSE. Belgium) silver ennancement kit and orotcccv 



Example t3: Detection of Urinary Tract Infection in a Urine Sample 

Urine samples were collected from a hospital where they were analyze ; :•/ microbiological methods 
and the results were kept secret until the hybridization diagnosis was conduc:- - Then they wera comoared 
ascertain the validity of the hybridization resuits. 

1 ml of clinical sample (urine) suspected of UTI infection was cenir ced in a Bnnkman micro 
centntuge for 5 minutes. Then 0.1 ml of 1.2 N sodium hydroxide was added c- - "ne suspension was heated 
to »00*C to lyse the cells. The suspension was then diluted to 1 m) with 10 n • I sodium borate txiffer pH 8 
and was neutralized with hydrochlorine acid to a pH of 7. To the solution. 50 ; "biotin-PEG-angenon" (see 
Example 2) is added and the mixture was irradiated with a UVL 56 lone --avelength UV lamp for 15 
minutes. The irradiated sample (0.1 ml) was added to 3 ml 3XSSC of S'e ncr'.-^' cry milk tO"". PEG with 0 2 
M sodium pyrophosphate and hybridization was condu^;oo with probes (whoio genomic DNAi immobilized 
onto nitrocellulose paper at 6a*C for 5 minutes to overrsght. After hybridirar on detection was conducted 
accofdir>g to Examples 3 or 12. the spots or the photographs were visually i-'eroreted for the presence of 
specific bacteria in the test sample. A spot of human ONA was also present r the nitrocellulose paper for 
ttie detection of leucocytes. The presence of leucocytes was further verified M.m a common method using 
"LEUKOSTTX" (Miles Lalsoratories. Elkhart. Indiana. U.S.A.) . 

Typica) results (Tables 1 and 2) indicate that ttie hybridization diagnosis produces similar results in a 
shorter time then the corresponding microbiological assays. The present invention not only provides 
information related to species identification, but also the leucocyte content m a clinical sample 
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TABLE 1 

DlflQJOSIS OF CXINICRL V^JNE SAMPLES 
HOSPITAL APPLICANTS' HYBKEDI T •O^ON Uh'llX-TlON 



VJfOKSlS 


RESULTS 


SVSTtM 


NBG 


NEG 


GOLD 


MEG 


NEG 


GOLD 


NBG 


NBG 


GOLD 


NEX; 


E.c.-M 


CHEMI 


NEG 


E.c.-VW 


GOLD 


NEG 


E.C.-VW 


GOLD 


C- 


NEG 


COIS 


S+, C- 


E.c.-S 


CHDH 


S+, C- 


E.c.-S, Kl.-M 


CHEMI 


S+, C- 


NBG 


COW 


S+, C- 


NEG 


GCELD 


S+, C- 


NEG 


GOLD 


C- 


E.c.-VW 


GOLD 


S+, C- 


NEG 


GOLD 


S+, C- 


E.C.-VW 


GOLD 


S+, C- 


NEG 


COW 


S+, C- 


NEG 


GOLD 


100,000/inL E.c. 


E.C.-S 


OQID 


100,000/inL E.C. 


E.c.-S 




lOOrOOO/mL E.c. 


E.c.-W 


GOLD 


SOrOOOAidL E.c. 


E.c.-M 


CHEMI 


50r000/nL E.c. 


NBG 


GOLD 


E. coli 




a&Ki 


£. coli 


E.C.-VS, Kl.-S 




E. coli 


E.C.-S, Kl.-S 


CHEMI 


Ee ooU /Klebsiella mix 


E.C.-S, Kl.-W 


GOLD 


E. coli /Staph mix 


E.c.-S, St..-M 


CHEMI 
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TftttT.F. 1 (Continued) 

DIAGNOSIS OF CLINIC?'!. UR3KE SAMPLES 

• HOSPITAL APPUCAmS' HYBRIDI2ATICN DBmCl^ 
DIA^^ RESULTS S^^^ 

Klebsiella spp. E.c.-M, Kl -W 

100,000/mL K. pneumoniae E.c.-W, Kl-VW 

100,000 Caixaida NEC** ^ 

100,000/inL Proteus Pr.-S, E.c.-^^ \3^-u-w 



10,000/inL Strep ^ 

Mixture of 3 unUentified Qn(+) NEG Q^-^ 

♦ diagnosis conducted by streaking urine on an agar plate 
and treating the plate under conditions so that the 
infectious organism can grow. 

•* Enterobacter /Candida probes not included in the 
hybridization assay, therexwi-e, negative results are not 
surprising; given the high stringency conditions employed 
in the assay, cross-hybridization with species related to 
Enterobacter was not detected. 

Abbreviations: VS-very strong; S»strong; M^edium; 
W-weak; and VW-very weak hybridization signals; 
GOLD-detection method according to Example 12; 
CHEMI-chemiluminescent detection according to Example 
3(b) 

Aoplicants- hybridization resu«s represent the result of a suD,ect,ve .meroretat.on o« ''^^ ■"'^"^^ °* 
hvbn^ation Signal, obtained after detection. ONAs frorr, the organisms -sted m column are me only 
oS, for wl,.oh any hybridization signal was obtained. The panel of ONAs used for ^vbnd.za^on .nc,ud«l |, 
c^CEc.-) . Klebsiella pneomon-ae ("Kl-) . Proteus vulgaris CP'') . Pseudomonas aeruqmosa . StaDh^t: 
to^^s eoidermatis CSE-I . Streptococcus laecalis and Homo sap.ens. 
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TABLE 2 

COMPARISON OF AMES LEUKOSTIX ASSAY 
WITH APPLICAKT'S ASSAY 

■LEUKOSTIX- APPLICANTS' HYBRIDIZATION DETECTION 

RESULT RESULT SYSTEM 

3+ VS GOLD 

3+ S CHEMI 

3+ S CHEMI 

3+ M CHEMI 

3+ M CHEMI 

3+ S GOLD 

3+ S GOLD 

3+ VS GOLD 

3+ VS GOLD 

3+ VS GOLD 

3+ VS GOLD 



2+ 


S 


CHEMI 


2+ 


S 


CHEMI 


2+ 


S 


CHEMI 


2+ 


S 


CHEMI 


2+ 


S 


GOLD 


2+ 


S 


GOLD 


2+ 


s 


GOLD 


2^^ 


s 


GOLD 


2+ 


s 


GOLD 



35 



40 



1+ 


s 


GOLD 


1 + 


VS 


GOLD 


1+ 


VW 


GOLD 


TRACE/ 1+ 


M 


CHEMI 


TRACE 


VS 


CHEMI 


TRACE 


w 


GOLD 


TRACE 


N 


GOLD 


TRACE 


VS 


GOLD 



so 



NBG 


S 


CHEMI 


NEG 


S 


CHEMI 


MEG 


M 


CHEMI 


NEC 


VW 


GOLD 


NEC 


VW 


GOLD 


NEG 


MEG 


GOLD 


NEG 


MEG 


GOLD 


MEG 


W 


GOLD 


MEG 


W 


GOLD 


MEG 


W 


GOLD 



882586^7 



©1988 ^ERWEN' 



0 281 927 



The hybridization results summanzeo .n column 2 of Table 2 represent sobiective .nteroretat.ons of the 
IntensitY of hybridization signal obtained when labeled urine samc^ie? descnoed in Table i were hybr-dized 
with genomic human DNA. 

s The -LEUKOSTIX" assay is a coiorimetric reagent stno assay. Co'or development on the reagent stnp 

is ccfT^pared to a chart provided with the assay reagent stnos and ranges from negative (no color 
development) to 3 * (vary strong color development) . 

10 Example 14: Lysis of Cells 

A 1.0 mL aliquot of cell suspension was centntuged and the cell pellet resusoended in 100 uL of 
unbuffered NaOH solution. The sample was then exposed to high temperature for a short time and then 
diluted to the original volume using tO mM borate buffer. The pH gf the solution was then adiusted to 
15 neutrat with HC1. 

Table * shows the eHiciency of lysis of two different Gram positive cocci. Staphylococcus eoidermidis 
af>d Strep t ftcocc-js fs-^calis . at varying NaOH concentrations at either 68*C or lOO'C. In this E^tampie. the 
absorbance of the lO mL aliquots at 600 nm was recorded before centnfugation. After centnfuyation. the 
cell pellets were resusoendeJ m varying concentrations of NaOH (100 uL) and duplicate -amoles of each 

JO exposed to 68*C for iO minutes or lOO'C for 5 minutes. Each sample was then diluted to i .O mL and the 
absortiance at 600 nm again recorded. Since the beginning and ending volumes are identical, the beginning 
and ending absorbance at 600 nm provides a direct measurer^ent of lysis efficiency. 

Whereas Gram negative organisms lysed efficiently in as low as 0.1 N NaOH. Table * shows clearly 
that efficient lysis .s a function of both NaOH concentration and temperature, such that higher NaOH 

25 concentrations are reqmred as the incubation temperature decreases. At 100*0 (maximum temperature at i 
atmosphere) a concentration of at least 1 .6 N NaOH was required for efficient lysis of S. epidermidis and S, 
faecalis . tt lower tempefatures are desirable or necessary, then higher concentrations of NaOH will be 
required to maintain lysis efficiency. 
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TABLE 3 



EFnCIgXTY OF LYSIS OF GRAM POSITIVE BACTERIA 
AT ^'ARIOUS C0NCEOT;^TI0NS of UaOH AT SB^C and lOCC 



Streptococcus faecalis 
lOCC/S Minutes 



6 8 "CIO Minutes 



iNaCH) 


CD600 PRE 


CO600 POST 


%LYSIS 


OD600 PRE 


OD600 POST 


»LYSIS 


0 N 


0.475 


0.366 


23 


0.512 


0.357 


30 


0.1 


.509 


.261 


50 


.513 


.238 


54 


0.2 


.512 


.194 


62 


.514 


.259 


50 


0.4 


.504 


.175 


65 


.513 


.150 


71 


0.8 


.506 


.113 


78 


.505 


.147 


71 


1.2 


. 498 


.082 


84 


.498 


.150 


70 


3. to 


.487 


.061 


88 


.426 


.099 


77 






Staphylocuccus 


epideunidis 








100"C/5 Minutes 




68''C/10 Mir.utes 


iNaOH] 


01)600 PRE 


OD600 POST 


%Lysis 


CO600 PRE 


CD600 POST 


%Lysis 


0 N 


0,667 


0.558 


16 


0.690 


0.550 


19 


0.1 


. 681 


.396 


42 


.701 


.441 


37 


0.2 


.674 


.296 


60 


.699 


.414 


41 


0.4 


,699 


.183 


74 


.730 


.309 


58 


0.8 


.705 


.093 


87 


.715 


.187 


74 


i.? 


.680 


.070 


90 


.719 


.090 


88 


1.6 


.693 


.035 


95 


.660 


.040 


94 



so 



Example 1 5: Direct Lace'inq Nuc eic Ac:cs in an infected Urine Samcie 

A set o' ctioic;»i unno Tesi samciei was coHectea 'rr.m i losciai ' of unne was oeoositea m a 
polypropylene tut)e d S ith) To ine unne iSO I oi 8 N-toriium hydroxiae sciution :r v»aier wa? sddea The 
mixture was ma'niameo m a ooiimo water caih *or 'i-e minutes "^he aikahne suspension was then 
Iranstorred to anothe- lutie containing 0 3 g ot sodct bone acio 'or neutraiui;ation The mixture was snaken 
well by hand lor miirirKj ano soiuoiiuation. To this mmture 10 microgram ot ttie photolafcelinq 'eagent "bio- 
PEG-Ang" as usea m Examom '0 (i> was aaoed dO microliter of 1 mg ml m water). The mixture was then 
irradiated for 60 minutes using a riand held UV 'amp (UVLZS) at a :onq wavelength setting. The tuoe was 
kept on ice during irradiation 

A nitrocellulose paper strip containing immobilired onwoeied genomic ONA orcbes <as used m Example 
8). 700 microliter mixture containing S'v non-'at Ory tink I0°'o polyethylene glycol lMW-6000>. lOmM 
spdium pyrophosphate, all ir' 3 • SSC and 300 ui labeieo lest samples wore placed in a seai-a-meai bag. 
The Pag was heat seated. Hypndiration was then conducted tor two hours at 68*C by incubating the sealed 
bag in a water bath 

Alter hybridisation, the nitrocellulose strip was washed at 68*C with 0 1 x SSC. 0 t"'. SDS 'or 30 
minutes. The unsaturated sites were Ihen blocked by immersing the paper in 3", BSA solution m 0 1 mM 
tris. 0.1 M sodium chloride. 2 mM magnesium chloride lor 30 minutes The hybrid was then detected by 
either immunogoid, or by chemiiummescence Or by the BRL method (see Examples 2. 3(a) or 3(bU. For 
every sample, the diagnosis was also done by bactenoiogical growth methods. The results were then 
compared (or validity of the present method. 

It will be appreciated that the instant specification and claims are set term by way of illustration and not 
limitatton. and that vanous modifications and changes may be made without departing from the spirit and 
scope ot the present invention. 
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Claims 



1 A method for r;e!ec!.ng ,„ -re Of more rn~,crccrC2P.Sms cr r-^C e.C a^ic € "C " ■-cm a 

prokaryOliC source Or an eukaryotiC source in a nucleic ac.C--:nia,n.r.3 test samci-; c:rT--r,s rg 
'ai labeling the nucieic acics ;n :ne :est samc<5. 

(bl contacting, uncer /cnCiiancn conctt-cns. tr-e 'a-pieo hvcnciracie samcie -ucte.c a-i-' ard one 
cr more .mmob.l.zed Drobes -^ycr-C.-ace oucie.c acO con^c-.s.rg .,| c^e cr more known m.rrcorcan.^ms or 
nucle-c acic seauences from euKarovt.c or prokarvctic sojfces. lc 'c-rm -vSna.zec 'aoeieo nu^e.c ac.ds 
and 

(CI assaying for the tiyDncized nucieic acids ty cetect'na tf^e 'acei 

2. A method accord.ng io cia.m i wherein the test samcie .s a Dccv '!u,d selected frcrr tfie grouo 
cons-stmg of unne. olood. ce-eOroscna. !iu.d, ous amn.ot.c fluid, tears, scutum cai.va .una a-piraie 
vaginal discharge, stool, a soi.d tissue samoie. a sk,n s-3c samc-e. a tr-^oat swao sarrcie and a genital 
swab sample. 

3. A method accorcir>g to anv :f :'a,ms ' !c 2. 'L-her .-rmcns.r.:; ..-eraxr^nc r^? ace-ea nur.eic acids 
from steo 

<at f) as fo'm labeled hyenoizabie '^ucieic ac e? 

4. A method dccord.ng :o any ot Claims i ;c 3. .vhere.r r9c .a., -n^ r.u-e.c acres a- ■bo'^-.^O .^ir^c-iy m 
the test sample 

5. A method according to any d c:aims i Io -». -vnere.n ceils m t^e -es' samoi? a-e •.•<.-'d .n c;eo -ai and 
thereafter a labeling reagent is added, whereby to isbei the nucteic acid. 

6. A method according to any of claims 1 to 5. ~he--.n said microorganisms are selected from th.. 
group consisting of Escherichia. P-cteus. Kiebs-ena. Staonyiococc-.s. St-eotoccccos. Pseudomonas and 
Lactobacillus. 

7 A method according to any of :iaims . ;c 6. whero,„ ma labeling ,s conducted :n a whole l.vino cell 
or a cell lysate. ^ 

w.th^alklr*"''^ according to any of :;a,ms i ,o 7. wherem the cell lysate .s oreoareo oy contacting a ceii 

9. A method of hybridization compnsing contacting ^vo comc.ementary hybr,0.;aole nuc-c a-ids 
under hybndization conditions, at least one of wh,ch nucle'C acd' is immobilized, wnera.n the hyanai.'ation 
IS accelerated by the addition of poiyethyione glycol 

10. A test kit for detecting (i, one or more microorganisms Or lii, nucle-c acid seauencos from a 
prokaryotic source or an eukar/olic source in a nucle.c acid-contammg test saniole comonsmg 

fa) a support solid containing nybridiiabie. e.g.. single-stranded, nucleic acid eg DNA or an 
OtiQonocleot.de. of n) said one or rrore known microorganisms or „i) said seauences frcm eukaryotic or 
prokaryotic SOurced .mmobiluea thereon, e g.. a strip containing dots or scots Of l-ncwn microorganisms Or 
eukaryotes cr prokaryotes. 

(b) a reagent for labeling the nucleic acid of -he test sample. 

(C) a reagent for releasing ano denaturing nucieic acio. e.g.. DrJA. .n the lest sampie and 
(d> hybridization reagents. 
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